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A B S T R A C T

Purpose
Evaluate the activity of everolimus (RAD001) in combination with octreotide long-acting repeatable
(LAR) in patients with advanced low- to intermediate-grade neuroendocrine tumors.

Methods
Treatment consisted of RAD001 5 mg/d (30 patients) or 10 mg/d (30 patients) and octreotide LAR
30 mg every 28 days. Thirty carcinoid and 30 islet cell patients were enrolled.

Results
Intent-to-treat response rate was 20%. Per protocol, there were 13 with partial responses (22%), 42
with stable disease (SD; 70%), and five patients with progressive disease (8%). Overall median
progression-free survival (PFS) was 60 weeks. Median PFS for patients with known SD at entry was
longer than for those who had progressive disease (74 v 50 weeks; P � .01). Median overall survival
has not been reached. One-, 2-, and 3-year survival rates were 83%, 81%, and 78%, respectively.
Among 37 patients with elevated chromogranin A, 26 (70%) achieved normalization or more than 50%
reduction. Most common toxicity was mild aphthous ulceration. Grade 3/4 toxicities occurring in �
10% of patients included hypophosphatemia (11%), fatigue (11%), and diarrhea (11%). Treatment was
associated with a dose-dependent rise in lactate dehydrogenase (LDH). Those with lower than 109 U/L
rise in LDH at week 4 had shorter PFS (38 v 69 weeks; P � .01). Treatment was also associated with
a decrease in proliferation marker Ki-67 among patients who underwent optional paired pre- and
post-treatment biopsy (P � .04).

Conclusion
RAD001 at 5 or 10 mg/d was well tolerated in combination with octreotide LAR, with promising
antitumor activity. Confirmatory studies are ongoing.

J Clin Oncol 26:4311-4318. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Low- to intermediate-grade neuroendocrine
tumors (LGNETs) originate from neuroendo-
crine cells scattered throughout the body.
Oberndofer1 first coined the term carcinoid (or
karzinoide) in 1907 to describe these tumors
that have a more indolent clinical course com-
pared with epithelial tumors from the same
anatomic site. Today, carcinoid is typically used
to describe LGNET arising outside the pan-
creas. Those arising from the pancreas or islet
cell carcinoma are recognized to have a differ-
ent genetic profile,2-4 more aggressive clinical
course,5 and a different response pattern to cy-
totoxic chemotherapy.6,7 Despite their reputa-
tion for being rare, recent analyses from the
Surveillance, Epidemiology, and End Results

Program database suggest that the diagnosed
incidence of LGNETs is rising.5

Mammalian target of rapamycin (mTOR) is
a conserved serine/threonine kinase that regulates
the cell cycle and metabolism in response to envi-
ronmental factors. It mediates signaling transduc-
tion downstream of receptor tyrosine kinases.
Evidence suggests that the mTOR pathway may be
involved in the pathogenesis of neuroendocrine
tumors. For example, tuberous sclerosis complex
(TSC)1/2 is an inhibitor of mTOR that is present
in normal neuroendocrine cells.8 Patients with
defects in the TSC2 gene are known to develop
islet cell tumors.9,10 The neurofibromatosis,
(NF1) gene also regulates the activity of mTOR.
The loss of NF1 leads to constitutive mTOR
activation and is associated with the development
of carcinoid tumors in the ampulla of Vater,

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 26 � NUMBER 26 � SEPTEMBER 10 2008

© 2008 by American Society of Clinical Oncology 4311



duodenum, and mediastinum.11-14 Further, sporadic LGNETs are
known to coexpress insulinlike growth factor (IGF)-1 and IGF-1 re-
ceptor (IGF-1R).15 Researchers have shown that IGF activates mTOR
and increases cell proliferation.15 In contrast, mTOR inhibition sup-
presses neuroendocrine tumor growth.15,16 There is also rationale for
combining octreotide and everolimus (RAD001), because the upregu-
lation of upstream IGF pathway is thought to be a potential resistance
mechanism for RAD001,17 while octreotide has been shown to reduce
serum IGF-1 levels in patients with solid tumors.18

Most patients diagnosed with advanced LGNETs will eventually
succumb to the disease. No new drug for the control of tumor growth
has been approved in the past 3 decades. We studied the activity of
RAD001, a novel oral inhibitor of mTOR, in combination with oct-
reotide long-acting repeatable (LAR) in a phase II study in 60 patients
with metastatic, unresectable LGNETs.

METHODS

Study Population

Eligible patients were � 18 years old with measurable histologically con-
firmed metastatic or unresectable locoregional LGNETs. Prior treatment was per-

mitted, including surgery (� 4 weeks), cytotoxic chemotherapy (� two prior
regimens), radiation, interferon, therapy targeted to growth factor signaling,
or oncogene products (� 30 days). Zubrod status � 2, with adequate bone
marrow, hepatic, and renal (granulocytes � 1,500/mm3, hemoglobin � 8
g/dL, platelets � 100,000/mm3, AST � 2.5 � ULN, ALT � 2.5 � ULN,
bilirubin � 1.5 � ULN, creatinine � 1.5 mg/dL) function was required. Prior
treatment with octreotide was allowed.

Effective methods of contraception were required for patients with
reproductive potential. Pregnant and lactating females were excluded, as
were patients with uncontrolled diabetes, serious infections, uncontrolled
nonmalignant medical conditions, and medical conditions whose control
may be jeopardized by complications of therapy. Patients with previous
malignancy were eligible if disease free for longer than 5 years. All patients
gave informed consent, the protocol was approved by the institutional
review committee of the M. D. Anderson Cancer Center, and the study
followed the Declaration of Helsinki and good clinical practice guidelines.

Treatment and Study Evaluations

Patients received intramuscular octreotide LAR 30 mg every 28 days and
oral RAD001 either 5 mg/d (patients 1 to 30) or 10 mg/d (patients 31 to 60).
One treatment course was 28 days. Patients could remain on study until
disease progression or completion of 12 courses, which could be extended if
felt to be beneficial by the treating physician.

Table 1. Patient Characteristics

Characteristic

RAD001 (mg)

Overall5 10

No. % No. % No. %

No. of patients 30 30 60
Sex

Female 16 53 13 43 29 48
Male 14 47 17 57 31 52

Race
African-American or Asian 2 7 1 3 3 5
Hispanic 3 10 3 10 6 10
White 25 83 25 83 50 81

Mean age, years 53 57 55
Standard deviation 11 10 11

Disease at entry
PD 20 67 19 63 39 65
SD 8 27 8 27 16 27
Unknown 2 7 3 10 5 8

Prior therapy
Octreotide 19 63 19 63 38 63
Chemotherapy 13 43 12 40 25 42
Interferon 3 10 6 20 9 15
Bevacizumab 3 10 3 10 6 10
HAE 2 6 3 10 5 8

Primary site
Foregut

Gastric 1� 3 1 2
Lung 4 13 4 7
Thymus 1 3 1 2
Pancreas 13 43 16 53 29 48

Midgut
Small intestine 7 23 9 30 16 27

Hindgut
Rectum 1 3 2 7 3 5

Other
Renal 1 3 1 2

Unknown 3 10 2 7 5 8

Abbreviations: RAD001, everolimus; PD, progressive disease; SD, stable disease; HAE, hepatic artery embolization.
�Patient with multiple endocrine neoplasia type 1 syndrome enrolled in islet cell group with bulky gastric carcinoid and metastatic gastrinoma of unknown primary origin.
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Pretreatment and on-study evaluations included history, physical exam-
ination, and laboratory tests. Tumor was measured by multiphasic CT scans or
MRI at baseline and every three courses. Response Evaluation Criteria in Solid
Tumors (RECIST) were used to assess the type of response,19 and National
Cancer Institute Common Terminology Criteria for Adverse Events version
3.0 (CTCAE) were used to assess toxicity (www.cancer.gov).

RAD001 was discontinued for CTCAE grade 3 or 4 hematologic or
nonhematologic toxicity and resumed at the same dose after recovery to grade
0 or 1, or the patient was removed from the study if recovery did not occur
within 2 weeks. If grade 3 or 4 toxicity recurred, RAD001 was again held until
recovery to grade 0 or 1 and then resumed, but with a reduction in one dose
level to 5 mg every other day (cohort 1) or 5 mg/d (cohort 2). If grade 3 or 4
toxicity recurred with 5 mg every other day, the patient was removed from
study. Grade 1 or 2 hypertriglyceridemia was treated with lipid-lowering
agents at the investigator’s discretion. Patients with grade 3 or 4 hypertriglyc-
eridemia discontinued RAD001 for 1 week, triglyceride-lowering agents were
initiated, and RAD001 resumed if the level decreased to grade � 2 within 2
weeks. Subsequent occurrences of grade 3/4 hypertriglyceridemia were man-
aged with treatment interruptions and dose reductions as described. If discon-
tinuation of RAD001 for more than 28 continuous days was required for any
reason, the patient was removed from the study.

Octreotide LAR dose reductions in 10-mg increments were allowed for
CTCAE grade 2, 3, or 4 bradycardia and other CTCAE grade 3 or 4 toxicities
attributed to octreotide LAR. The next scheduled dose was held until recovery
to grade 0 or 1. A maximum of 8 weeks was allowed for recovery, and patients
continued RAD001 during this period. In the absence of recovery, the patient
permanently discontinued depot octreotide but was allowed to continue
RAD001 therapy.

Statistical Considerations

Sixty assessable patients (30 carcinoid and 30 islet cell) were treated in
two strata. Patients with multiple endocrine neoplasia type 1 syndrome were
enrolled in the islet cell strata. A two-stage design allowed for early stopping. A
progression-free survival (PFS) rate at week 12 lower than 75% was considered
unacceptable, whereas a PFS rate at week 12 � 90% was considered acceptable.
If 14 or fewer of the first 18 assessable patients enrolled are alive and progres-
sion free after 12 weeks of treatment, the study would terminate. The proba-
bility of early termination was 69%. In fact, 17 of the first 18 assessable patients
enrolled were progression free after 12 weeks, therefore additional 42 patients
were enrolled.

PFS and overall survival (OS) were measured from the date of study
entry. Chromogranin A (CGA) response was evaluated among patients with

elevated CGA at baseline and defined by either a � 50% reduction or normal-
ization of CGA. All statistical calculations were performed using SPSS 14.0
(SPSS Inc, Chicago, IL). Differences were considered significant when the
two-sided P value was � .05.

RESULTS

Patient Population

Between February 2005 and July 2006, 67 patients gave informed
consent and were screened for study entry. Three were ineligible based
on laboratory measurements. Three discontinued therapy early due to
toxicity. One patient discontinued therapy due to need for surgery.
Therefore, 60 patients were assessable for response. Thirty-five pa-
tients had foregut primary, 16 had midgut primary, three had hindgut
primary, one had renal primary, and five had unknown primary.
Patient and tumor characteristics are included in Table 1.

Tumor and Biochemical Changes

Using intent-to-treat analysis method, overall response rate was
20%. In the per protocol population, we observed 13 confirmed par-
tial responses (PRs; 22%), 42 patients with stable disease (SD; 70%),
and five with progressive disease (PD; 8%). Among 30 carcinoid
patients, there were five confirmed PRs (17%), 24 SDs (80%), and one
PD (3%). Among 30 islet cell patients, there were eight PRs (27%), 18
SDs (60%), and four PDs (13%). Stratified by RAD001 dose, in the
5-mg cohort there were four PRs (13%), 22 SDs (73%), and four PDs
(13%); in the 10-mg cohort, there were nine PRs (30%), 20 SDs
(67%), and one PD (3%). There were proportionately more carcinoid
patients treated at 5 mg and more islet cell patients treated at 10 mg.

Plots of serial tumor measurements over time and a waterfall plot
of best response to better characterize antitumor activity show that the
majority of patients had some degree of tumor reduction (Fig 1).
Further, response and maximal tumor shrinkage may take time to
develop, with some patients experiencing continued tumor shrinkage
more than 12 months after initiation of therapy.
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Fig 1. Serial tumor measurements. Per-
centage change in the sum of target le-
sion diameters by course for (A) all
patients and (C) for those in the 5-mg and
(D) 10-mg cohorts. (B) The percentage
change as the best response in each pa-
tient is shown as a waterfall plot. Maxi-
mum tumor reduction was achieved after
several courses of therapy in many pa-
tients. BL, baseline.
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Thirty-seven patients had elevated CGA at study entry. Thirteen
were octreotide naı̈ve, and 24 had received prior octreotide. Among
these, 26 achieved a CGA response. The response rates among patients
who either had prior octreotide or were octreotide-naı̈ve were 67%
and 77%, respectively (odds ratio, 1.7; 95% CI, 0.4 to 7.8).

PFS and OS

The overall median PFS of patients treated with octreotide LAR
and RAD001 was 60 weeks (95% CI, 54 to 66 weeks; Fig 2A). Stratified
by tumor group (Fig 2B), median PFS of patients with carcinoid and
islet cell tumors was 63 weeks (95% CI, 55 to 71 weeks) and 50 weeks
(95% CI, 31 to 70 weeks), respectively (HR, 1.2; 95% CI, 0.7 to 2.2). By
dose level (Fig 2C), median PFS of patients treated with 5 and 10 mg of
RAD001 was 50 weeks (95% CI, 23 to 78 weeks) and 72 weeks (95%
CI, 60 to 83 weeks) respectively, (HR, 1.5; 95% CI, 0.8 to 2.6). Prior
octreotide therapy had no impact on median PFS (60 weeks in both
groups). Disease status at time of study entry (by tumor measure-
ments) did affect PFS (Fig 2D; HR, 2.9; 95% CI, 1.4 to 6.1); median
PFS for patients with known SD at entry was 74 weeks (95% CI, 60 to
89 weeks), whereas median PFS for those in progression was 50 weeks
(95% CI, 25 to 76 weeks). When tumor type, dose level, prior oct-
reotide use, and disease status at time of study entry were analyzed in
a Cox proportional hazard model, RAD001 dose of 10 mg was
associated with superior PFS (HR, 0.5; 95% CI, 0.3 to 0.98), and
progression at study entry was associated with shorter PFS (HR,

3.3; 95% CI, 1.5 to 7.2). However, the study was not prospectively
powered for these comparisons. These analyses should be consid-
ered exploratory.

Median OS for the study has not been reached. The 1-, 2-, and
3-year survival rates estimated by the Kaplan-Meier method were
83%, 81%, and 78%, respectively. Patients with known progression at
entry had inferior median survival (31 months) compared with those
known to be stable (not reached; P � .02).

Safety

Safety was monitored by patient diary and laboratory measure-
ments. Treatment with the combination of RAD001 at 5 or 10 mg per
day and octreotide LAR 30 mg every 4 weeks was feasible and generally
well tolerated. Common hematologic adverse events attributed to
RAD001 included mild grade 1/2 thrombocytopenia (30%) and leu-
kopenia (48%). Grade 3 thrombocytopenia occurred in 3% in the
5-mg cohort and 6% in the 10-mg cohort. Grade 3/4 leukopenia
occurred in 3% treated in the 5-mg cohort and in 6% in the 10-mg
cohort. Hematologic toxicities were more likely to occur among
patients with pre-existing cytopenia at time of study entry. Other
common laboratory abnormalities included grade 1/2 hyperglycemia
(61%), hypertriglyceridemia (44%), and hypophosphatemia (21%).
Grade 3/4 hyperglycemia (9%), hypertriglyceridemia (3%), and hy-
pophosphatemia (11%) were less common.
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Fig 2. Kaplan-Meier analysis of
progression-free survival (PFS). (A) For all
60 patients, 6- and 12-month PFS rates
were 80% and 59%. (B) PFS by disease
subgroups. Six- and 12-month PFS rates
were 86% and 69% for the carcinod
group, and were 73% and 48% for the
islet cell group (P � .46). (C) PFS by dose
group. Six- and 12-month PFS rates were
68% and 46% for the 5-mg group and
were 90% and 70% for 10-mg group (P �
.19). (D) PFS by disease status at entry.
Six- and 12-month PFS rates were 68%
and 49% for those with progressive (n �
39) and were 100% and 81% for those
with stable disease (n � 16) at study entry
(P � .01). RAD001, everolimus.
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The most common nonhematologic adverse event was aphthous
ulceration, which is graded under CTCAE as stomatitis. These grade
1/2 events generally appearing as one to two foci of oral ulceration that
often resolved without intervention, occurred in 61% of treated pa-
tients. Grade 1/2 rash was also common and occurred in 59% of the
patients. Grade 3 aphthous ulcerations occurred in 8% of patients, and
grade 3 rash occurred in 5% of the patients.

A less common but potentially more serious adverse event asso-
ciated with mTOR inhibitors is pneumonitis. We did not observe any
pneumonitis at the 5-mg dose level. However, at the 10-mg dose level,
three patients (9%) experienced grade 2 pneumonitis and one patient
experienced grade 3 pneumonitis. A variety of supportive measures
were used, including a brief treatment break and steroids. Treatment
for the single patient with grade 3 pneumonitis included a treatment
break followed by a dose reduction to 5 mg per day.

Grade 3/4 adverse events by dose level are summarized in Table 2.
In all, eight patients (one from the 5-mg cohort and seven from the
10-mg cohort) required a dose reduction for adverse events. Two each
were for aphthous ulceration, leukopenia, and hypophosphatemia,
and one each was for thrombocytopenia and pneumonitis. Final doses
tolerated were 5 mg per day in five patients and 5 mg every other day
in three.

Laboratory Findings

There was a consistent rise in plasma lactate dehydrogenase
(LDH) after treatment with RAD001, although some of the increase
was subtle, for example, rising from low normal to high normal.
This was confirmed by paired comparison of serial LDH measure-
ments. The mean pretreatment LDH was 510 U/L and rose to 680,
810, 785, and 738 U/L at weeks 2, 4, 8, and 12, respectively.
Compared with baseline, these differences were statistically signif-
icant by paired sample t-test (P � .01 in all comparisons), as was
the increase from week 2 to week 4 (P � .01); peak LDH increase
occurred at week 4.

Comparison of serial LDH measurements by dosing cohort (Fig 3)
showed no significant differences in baseline LDH (P � .47), but higher
LDH values were observed in the 10-mg cohort at week 2 (P � .1),
week 4 (P � .09), week 8 (P � .04), and week 12 (P � .02).

Changes in LDH values did not correlate with RECIST response
but did correlate with PFS. Analyses were performed by separating the
patients into four quartiles ranking their absolute LDH changes at
week 4. Median PFS by quartiles was 38, 69, 62, and 66 weeks. Those in
the lowest quartile (LDH increase�109 U/L), compared with those in
the higher three quartiles as a group (� 109 U/L increase), had a
significantly shorter PFS (P � .01). All LDH measurements were

Table 2. National Cancer Institute Common Terminology Criteria for Adverse Events Version 3.0 Grade 3 and 4 Adverse Events

Toxicity

RAD001 (mg)

All5 10

No % No % No %

No. of patients 34 32 64
Hematologic

Thrombocytopenia 1 3 2 6 3 5
Anemia 1 3 1 3 2 3
Leukopenia 1 3 2 6 3 5
Leukocytosis 1 3 1 2

Biochemical
Hyperglycemia 1 3 5 16 6 9
Hypertriglyceridemia 2 6 2 3
Hypoglycemia 2 6 2 3
Elevated AST 1 3 2 6 3 5
Hypophosphatemia 2 6 5 16 7 11
Elevated ALT 3 9 3 5
Hypokalemia 1 3 1 3 2 3
Hyperbilirubinemia 1 3 1 2

Other
Apthous ulcers� 2 6 3 9 5 8
Fatigue 5 15 2 6 7 11
Nausea 1 3 1 2
Nail changes 1 3 1 2
Diarrhea 3 9 4 13 7 11
Pain 2 6 2 3
Rash 2 6 1 3 3 5
Abdominal pain 2 6 2 2
Pruritus 1 3 1 2
Dysgeusia 1 3 1 2
Pneumonitis 1 3 1 2

Abbreviation: RAD001, everolimus.
�Graded as stomatitis under National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0.
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performed at M. D. Anderson Cancer Center (normal range, 313 to
618 U/L).

Tumor Ki-67 Proliferation

Some patients underwent image-guided core needle biopsy of
metastatic tumor before treatment initiation and after 2 weeks of
therapy. Sufficient tumor tissue was available in seven patients for
Ki-67 analyses in a blinded manner (Fig 4). Five of seven patients
had a decrease in Ki-67 labeling. In two patients, Ki-67 labeling was
unchanged. Mean tumor Ki-67 decreased from 6.7% (� 2.6) to
2.1% (� 0.5). The decrease was statistically significant (P � .04) by
Wilcoxon signed rank test.

DISCUSSION

In this open-label, phase II study of the novel oral mTOR inhibitor
RAD001, we observed promising antitumor activity as assessed by
RECIST response rate and PFS duration for patients with advanced

LGNET. In our study, RAD001 had antitumor activity against a
wide spectrum of LGNETs, with confirmed PRs among LGNETs
originating from the stomach, pancreas, small bowel, kidney, and
unknown primary site. PFS also compared favorably with those
recently reported in phase II and III studies with chemotherapy,20

bortezomib,21 imatinib,22 sorafenib,23 sunitinib,24 and bevaci-
zumab.25 Similarly, the median PFS of 50 weeks (11.6 months) for
the islet cell group compared favorably with results obtained with
sunitinib24 and sorafenib.23

Observed antitumor activity was also supported by changes in
biomarkers. Increased CGA among patients with LGNETs is asso-
ciated with poor PFS26 and survival.27 Preclinical studies have
shown that mTOR inhibition can inhibit CGA secretion and tumor
growth.15 Consistent with this finding, we observed high rates of
CGA responses. Ki-67 staining is an immunohistochemical marker
of proliferation that is prognostic of outcome and has been pro-
posed as a grading criteria for neuroendocrine tumors.28 Consis-
tent with our finding of disease stabilization and minor responses
in a majority of patients with RAD001, we also observed decreases
in Ki-67 labeling among patients who consented to prospective
serial tumor biopsy.

Our finding of a dose- and time-dependent rise in plasma
LDH and the association of this rise with PFS duration suggest that
LDH may be a potentially useful pharmacokinetic and pharmaco-
dynamic marker. While the exact cause for this increase is not
known, a rise in LDH in association with mTOR inhibition has also
been reported after organ transplantation. There are a number of
possible explanations for the increase in LDH. For example, tumor
hypoxia has been linked to high serum LDH,29-31 and mTOR
inhibition has been shown to inhibit angiogenesis and may induce
hypoxia.32,33 Alternatively, the increase in LDH could be related to
release after death of tumor cells or hematopoietic cells. In either
case, the variations in the amount of LDH elevation likely reflect
the contribution of two factors. First, interpatient variability in
concurrent medications and genomic polymorphisms in drug me-
tabolism may lead to variability in RAD001 pharmacokinetics,
leading to some patients having a lower plasma concentration of
RAD001. Second, it is possible that genomic polymorphisms in the
PI3 kinase, AKT, and mTOR pathways may lead to variability in
the sensitivity of the pathway to RAD001.

In ongoing confirmatory phase II and III studies with RAD001
in LGNETs, we are obtaining serial measurements of LDH isoen-
zymes to confirm and further refine our observations. In an explor-
atory study using perfusion computed tomography scans to
measure the effect of treatment on tumor blood flow, we will
explore the antiangiogenic properties of RAD001 or bevacizumab
alone followed by the combination of both drugs, providing a
unique opportunity to correlate changes in LDH (and its isoen-
zymes) with changes in tumor blood flow.

All patients received a combination of RAD001 with oct-
reotide LAR in our study. It is unlikely that the antitumor activity
seen would have been observed with octreotide alone, because the
tumor response rate for octreotide in the historical literature is
only 2% to 3%.34 Also, a significant number of patients had re-
ceived prior octreotide. However, whether octreotide contributed
to the activity of RAD001 in a synergistic fashion is not clear from
this single-arm study.
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Our study showed promising activity for the combination of
depot octreotide and RAD001 in LGNET, which is being confirmed in
a program of RAD001 in Advanced Neuroendocrine Tumors studies,
which includes one phase II and two ongoing phase III studies involv-
ing close to 1,000 patients.
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Fig 4. Changes in Ki-67 measurements.
Patients consenting to optional biopsy had
prospective sampling of metastases by im-
age guided core needle biopsy at baseline
and week 2. Mean tumor Ki-67 decreased
from 6.7% (� 2.6) to 2.1% (� 0.5). The
decrease was statistically significant (P �
.04) by Wilcoxon signed rank test. PFS,
progression-free survival, PD, progressive
disease; SD, stable disease.
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